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A compact picosecond all-room-temperature orange-to-red tunable laser source in the spectral region between 600 nm and 
627 nm is demonstrated. The tunable radiation is obtained by second harmonic generation in a periodically-poled potassium 
titanyl phosphate (PPKTP) multimode waveguide using a tunable quantum-dot external-cavity mode-locked laser. The 
maximum second harmonic output peak power of 3.91 mW at 613 nm is achieved for 85.94 mW of launched pump peak 
power at 1226 nm, resulting in conversion efficiency of 4.55 %. 
OCIS Codes: (190.2620) Harmonic generation and mixing, (230.7370) Waveguides, (140.3538) Lasers, pulsed, (140.5960) 
Semiconductor lasers, (140.4050) Mode-locked lasers, (140.3600) Lasers, tunable 
The development of compact and low-cost widely tunable 
coherent light sources emitting with picosecond pulse 
duration in the visible spectral region can provide 
indispensable tools for a variety of cutting-edge 
applications, such as biophotonics [1], photomedicine [2-4], 
laser projection displays [5], confocal fluorescence 
microscopy [6,7] etc. However, commercially available 
lasers of this spectral range are in practice bulky and 
inconvenient in use. An attractive approach for the 
realization of a compact visible laser source is the 
frequency-doubling of an infrared laser diode in a 
nonlinear crystal containing a waveguide [8]. In this 
respect, the wide tunability [9] offered by the quantum-
dot external-cavity mode-locked diode lasers (QD-
ECMLLs), due to the broad gain bandwidth and the 
temperature insensibility [10,11], is very promising for the 
development of a tunable visible source. Furthermore, QD 
materials have shown a great promise for ultrafast 
technology, thus making QD lasers excellent candidates 
for versatile tunable ultrashort pulse pump sources [10] 
for second harmonic generation (SHG) in the visible 
spectral region. 
Over the last years, great progress in material science, 
crystal growth and semiconductor material processing in 
combination with recent advances in some of the more 
traditional technologies, in particular nonlinear frequency 
conversion, have led to the realization of a new generation 
of laser sources. Furthermore, the advent of a new 
generation of quasi-phase-matched waveguided nonlinear 
materials together with novel semiconductor lasers have 
led to the development of new frequency conversion 
sources with previously unattainable performance 
capabilities [12]. 
Recently, second and third-harmonic generation in a 
periodically poled potassium titanyl phosphate (PPKTP) 
waveguide using a compact femtosecond Yb-based laser 
with conversion efficiencies of up to 33% (532 nm) and 2% 
(355 nm) respectively were demonstrated [13]. Green 
(532 nm) and yellow (560 nm) picosecond pulse sources 
that utilize SHG of Yb-doped fibre based pump source in 
PPKTP waveguide with maximum average power of 
41.7 µW and 2.3 mW, respectively, were also presented 
[14]. It has also been reported for a diode-pumped 
femtosecond Cr:LiSAF laser (fundamental wavelength of 
860 nm) that frequency doubling in a PPKTP waveguide 
afforded SH conversion efficiency of up to 37% [15]. Blue 
light generation at 488 nm in CW using a PPKTP 
waveguide crystal and high-brightness diode lasers with 
conversion efficiency of more than 260%/W was also 
demonstrated [16]. Efficient blue light with maximum 
average power of 7.5 mW in picosecond pulses has been 
generated at 486, 488, and 491 nm from a frequency-
doubled, nonresonant injection seeded, gain-switched 
InGaAs/GaAs diode laser by using a PPKTP waveguide 
with a Bragg grating section [17]. Recently, a frequency-
doubling scheme generating 4.3 mW of orange light at 613 
nm with conversion efficiency exceeding 10% from a 
PPKTP waveguide end-pumped by a CW QD diode laser 
was also reported [8]. 
Here we present a compact all-room-temperature 
broadly tunable visible laser source in the picosecond 
regime (between 600 nm and 627 nm) by SHG in a 
PPKTP waveguide using a widely tunable QD-ECMLL. 
The approach used in our work for demonstration of the 
tunable second harmonic generation is based on the 
utilization of a significant difference in the effective 
refractive indices of the high-order and low-order modes in 
the waveguide [12], that enables one to shift the difference 
between the effective refractive indices of the 
fundamental and second-harmonic waves to match the 
period of poling in very broad wavelength range limited 
mainly by the waveguide refractive index step. 
Experimental setup was similar to that described in 
[12] and consisted of a QD gain chip and a PPKTP 
waveguide, as shown in Fig. 1. The QD gain chip had total 
length of 4 mm with 1-mm absorber. The ridge waveguide 
was angled at 7º relative to the normal of the 
antireflective (AR) coated back facet (both facets had 
conventional AR coatings, resulting in total estimated 
reflectivities of 10-2 for the front facet and less than 10-5 for 
the angled facet). The QD gain chip was set-up in a quasi-
Littrow configuration, whereby the radiation emitted from 
the back facet of the chip was coupled onto the diffraction 
grating (1200 grooves/mm) which reflected the first order 
of the diffracted beam back to the gain chip [11]. Coarse 
wavelength tuning of the QD-ECMLL between 1193 nm 
and 1284 nm in the picosecond regime at 20oC was 
possible for pump current of 900 mA and reverse bias of 
3 V. Pulsed operation was observed at any wavelength. 
The laser output after an optical isolator was coupled 
using an aspheric lens (NA ~ 0.55) into the PPKTP 
waveguide.  
The waveguide was fabricated by the ion-exchange 
technique [18] that provided refractive index step 
Δn ≈ 0.01. With this technique, the masked KTP crystal 
was immersed in the ion-exchange bath consisting of 
molten nitrate salts of Rb (RbNO3) [19]. Within this bath, 
the Rb ions diffused through a mask into the substrate, 
while the K ions diffused out of the KTP crystal. In the 
diffused regions, the Rb ions increased the refractive 
index relatively to the undiffused KTP and thus formed 
the optical waveguide. The periodic poling was done after 
the waveguides were fabricated using an applied electric 
field to periodically invert the domains. 
The PPKTP frequency-doubling crystal waveguide (not 
AR coated) used in our work was 13 mm in length with a 
cross-sectional area of ~4x4 µm2 and was periodically 
poled for SHG at ~ 1226 nm (with the poling period of 
~ 11.9 µm). Both the pump laser and the PPKTP crystal 
were operating at room temperature. The frequency-
doubled output light was then collected by a power meter 
after a suitable filter at the fundamental wavelength. 
Calculated dependence of the poling period on 
wavelength (Fig. 2) illustrates the SHG tunability in a 
multimode PPKTP waveguide with the refractive index 
step ∆n= 0.01. Details of the model that takes into account 
the difference of the effective refractive indices of the high- 
and low-order modes are described elsewhere [12]. The 
horizontal grey line represents the physical poling period 
(11.9 µm) of the crystal used in the experiment; the 
orange bold line is the central dispersion curve (crossing 
the grey line at the designed wavelength of 1226 nm) and 
the blue and red lines are the SHG tunability margins for 
the waveguide refractive index step of ~0.01. 
 
Fig. 1.  (Color online) Schematic of the experimental setup. 
 
Fig. 2.  (Color online) Dependence of the poling period on 
wavelength for different-order waveguide modes for frequency-
doubling in a PPKTP waveguide. Inset: Simplified schematic of 
the effective refractive indices for the fundamental and SH 
modes of different order. Refractive index profiles of the 
waveguide in two orthogonal planes are shown by the solid and 
dashed lines. 
 
Fig. 3.  (Color online) Optical spectra of the SHG light at 
600 nm, 613 nm and 627 nm. Spectral widths are limited by 
the instrumental resolution of the WaveScan spectrometer.  
Tunable second-harmonic generation in the spectral 
region between 600 nm and 627 nm was demonstrated 
(Fig. 3) in the pulsed operation with repetition rate 
between 2.64 GHz and 7.92 GHz and pulse duration 
between 14.7 ps and 29.3 ps. The maximum SHG output 
peak power of 3.91 mW at 613 nm was achieved at 
6.16 GHz repetition rate and 15.3 ps pulse duration (Fig. 
4). The corresponding maximum SHG output and 
launched average powers were 369 µW and 8.1 mW, 
respectively, resulting in the conversion efficiency of 
4.55% in the picosecond regime. Whereas SHG in the 
same crystal waveguide in the CW regime demonstrated 
only 2.14% of the conversion efficiency which 
corresponded to 173 µW of the SHG output average power 
at 613 nm obtained from the same launched average 
pump power [12]. This can be explained by the higher 
peak power used for the picosecond SHG presented here. 
 
Fig. 4.  (Color online) Frequency-doubled output peak power 
versus launched pump power at 600 nm, 613 nm and 627 nm. 
 
Fig. 5.  (Color online) Autocorrelation signal at 613 nm for 
900mA of gain current and 3V of reverse bias. Insert: 
Corresponding RF spectrum. 
Frequency doubling at 600 nm and 627 nm, which 
corresponded to phase-matching between fundamental 
and SHG modes of different order, was demonstrated 
with output peak power of 0.95 mW and 0.66 mW and 
with conversion efficiency of 1.5 % and 0.92 %, 
respectively. RF spectrum and autocorrelation signal 
corresponding to the SHG at 613 nm are shown in Fig. 5. 
To summarize, we have demonstrated a compact 
tunable all-room-temperature picosecond laser source in 
the visible spectral region (between 600 nm and 627 nm) 
with the maximum second harmonic output peak power 
of 3.91 mW and conversion efficiency of 4.55 % at 613 nm. 
This system is based on SHG using a single QD mode-
locked diode laser and a single PPKTP waveguide and 
represents a practical laser source which is of high 
interest for a wide range of applications. The 
demonstrated results which are based on the different-
order mode interaction in the SHG waveguide open the 
preferred way for realization of a compact full-color laser 
source. The work on improvement of SHG conversion 
efficiency and further extension of operation to different 
spectral regions is currently under way. 
This work was partly supported by EU FP7 program 
through FAST-DOT project (contract No. 224338). 
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